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SENSOR ARM FOR COMBINE HEADER 
Field of the Invention 

The present invention relates to a control system for maintaining the operating 
height of the header of an agricultural combine, and for raising and lowering the header 
5 to maintain a constant operating height, as set by the operator, as the combine traverses 
variations in ground contour. 

Background of the Invention 

A system for controlling the height of the header of some currently available 
agricultural combines, such as the Case/New Holland 2300 Series, includes an electrical 

10 sensor coupled to a rotatable sensor shaft on which there is mounted an elongated arm 
referred to as a "sensor arm." The sensor arm of the prior art is in the form of a ground 
runner which engages and rides over the surface of the soil. The distance between the 
header and the ground is called the "operating height." The operating height may 
change either because the operator sets a new operating height from the combine cab, 

15 or because ground contour changes as the combine moves to harvest crop. When the 
operating height changes due to a variation in ground contour, the sensor arm rotates 
the sensor shaft in one direction if the sensed operating height increases and in a counter 
direction if the operating height decreases. A closed-loop control system on the combine 
then raises or lowers the header accordingly to effect the operating height previously set 

20 by the operator. A second control system may be present on the combine, by which the 
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lateral attitude of the header is controlled to maintain the outboard ends of the header 
at the same height with respect to the ground. 

Summary of the Invention 

The present invention improves the operating performance of the prior art 
5 combine header operating height control system and lateral attitude control system (if 
present) described above by configuring the sensor arm so that it has an operating 
segment which is curved, as opposed to the prior art sensor arms which are character- 
ized as having long straight sections. This provides a contact point with the ground 
(whether level or a rise or depression) which moves forward, toward a vertical plane 

10 passing through the center of sensor shaft, as the operating height decreases. The 
contact point moves rearward, away from the vertical plane, as the operating height 
increases. In other words, as the operating height decreases (e.g., a rise in the ground 
is encountered by the sensor), the contact point on the curved segment of the sensor arm 
in contact with the ground moves forward, thereby reducing the distance between the 

15 contact point and the center (or axis) of rotation of the sensor shaft. This creates a 
shorter lever arm for the sensor and results in a quicker response as well as a 
proportionately greater magnitude of response when the operating height is set at smaller 
values, for a given change in the ground. It is, of course, desirable to have responses 
which are faster and of greater magnitude when the operating height is set at smaller 

20 values because it enables the operator to traverse the ground at higher speeds without 
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fear of running the snout of the header into the ground. 

Thus, the present invention has two advantages over the prior art. First, the fore- 
to-aft distance between the sensor shaft and the ground contact point decreases 
continuously as the header is lowered (or the operating height decreases for any reason). 
5 This provides a faster system response time because the horizontal distance between the 
sensor shaft (and the forwardmost point of the header) and the ground contact point of 
the sensor arm is decreased. Thus, the sensed error occurs closer to real time and 
results in a reduced latency in the response time. This is a substantial operational 
advantage because it increases the ground speed at which the combine is able to operate 
10 with satisfactory results and without risking running the nose of the header into the 
ground. 

Secondly, the curved contour of the ground-engaging or operating segment of the 
sensor arm of the present invention also shortens the distance between the axis of 
rotation of the sensor arm and the ground contact point of the sensor arm as the 

15 operating height decreases. The distance between the center of the sensor shaft and the 
ground contact point of the sensor arm is sometimes referred to as the "sensor lever 
arm." The length of the sensor lever arm determines the magnitude of the system 
response to a given variation in the operating height of the header. That is, the shorter 
the sensor lever arm, the greater is the angular displacement {i.e. , rotation) of the sensor 

20 shaft for any given change in ground contour, including both increases and decreases. 
This feature provides a ratio-changing sensor arm in that the ratio of angular displace- 
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ment of the sensor shaft increases for a given change in ground contour when the 
operating height is set to a lower value by the operator. 

As a result, when the header is set to a lower operation height and passes over a 
rise in the ground, the sensor error signal is increased for a given rise in ground contour, 
5 and the magnitude of the system response is increased. The resulting operational 
characteristic is substantially improved, and both features (z.e., reduced response time 
and increased system response) are cumulative to increase the ground speed at which 
the combine may satisfactorily operate. 

Other features and advantages of the present invention will be apparent to 
10 persons skilled in the art from the following detailed description of the illustrated 
embodiment accompanied by the attached drawing wherein identical reference numerals 
will refer to like part in the various views. 

Brief Description of the Drawing 
FIG. 1 is a left side elevational view of an agricultural combine according to the 
15 prior art; 

FIG. 2 is a close-up view of the prior art combine of FIG. 1, showing the snout 
of the header assembly and the prior art sensor arm, with the sensor arm shown in 
dashed lines in a raised position, as when a rise is encountered; 

FIG. 3 is a view similar to FIG. 2 showing the improved sensor arm of the present 
20 invention; 
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FIG, 4 is a functional block diagram of a control system for raising and lowering 
the header; 

FIG, 5 is a close up side elevational view of the improved sensor arm of the 
present invention; 

5 FIG. 6 is a side view of the header snout with the improved sensor arm, at a 

comparatively low operating height setting; 

FIG. 7 is a view similar to FIG. 6 with the snout raised to a higher operating 
height; and 

FIG. 8 is a graph comparing the magnitude of response of the inventive system 
y3 10 with the prior art for a range of preset operating heights. 

"I Detailed Description of the Preferred Embodiment 

s Turning first to FIG. 1, reference numeral 10 generally designates a known 

ry agricultural combine such as Model 2388 sold by Case Corporation of Racine, 
Wisconsin. The main functions of an agricultural combine, of course, are to cut the 
^^15 plants being harvested, separate the seed from the remainder of the plant, and store the 
seed internally until it is delivered to another vehicle for transporting the seed to storage. 

At the forward end of the combine 10 is an operator's cab generally designated 
11, from which an operator controls the various functions of the combine, and which 
provides an advantageous overview of the forward, crop-cutting portion of the machine, 
20 generally designated by reference numeral 12. The crop-cutting portion includes a 
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header generally designated 13 which is conventionally mounted to the frame of the 
combine and which includes hydraulic actuators (hydrauUc cylinders) for raising and 
lowering the header, and it will be further described within. Since the present invention, 
as persons skilled in the art will appreciate, does not depend on any particular type of 
5 header for its improved results, the terms "header" or "platform" are intended to 
broadly refer to all types of combine headers, but with particular application and 
advantage to com heads and to so-called "rigid headers" of the type used to harvest 
small grains such as wheat and rice. 



kUlO the "snout" generally designated as reference numeral 14. The snout includes a number 
of covered, pointed members which are spaced across the front of the header and located 
% by the operator to straddle adjacent rows of crop. Adjacent snouts guide the crop row 
2 to a cutter mechanism for severing the crop. The crop is then elevated by a conveyor 
ru in the header and carried into the main body of the combine for separating and storing 



The snout 14 operates at a predetermined height above the ground which is 
referred to as the "operating height" and is illustrated by the arrow 18 in FIG. 2. The 
operating height is set and may be adjusted by the operator. The combine is equipped 
with a closed-loop feedback system, to be described below, which maintains the 
20 operating height at the level set by the operator. If a ground rise {i.e. , an increased slope 
or a bump) is encountered, it is sensed by counterclockwise rotation of a sensor arm 16, 



At the forward portion of the header 13, there is mounted what is referred to as 



the seed while returning the chaff to the ground behind the vehicle. 
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and the control system raises the header 13 and snout 14 (z.e., the platform) so that the 
operating height adjusts to that set by the operator. Conversely, if a recess or depression 
or lowering slope is encountered in the ground, it is sensed by clockwise rotation of the 
sensor arm 16, and the control system lowers the header 13 and the snout 14 to adjust 
the operating height 18 to that set by the operator. 

In summary, in addition to controlling the operating height of the snout by the 
operator, it is desirable to have the platform be raised and lowered as variations in 
ground contour are experienced to avoid contact with the ground and to maintain a 
constant header-to-crop relationship for best results. Moreover, because of the 
variations in crop, and thus the desired operating height of the snout, it is desirable that 
the control system for setting the operating height of the header be capable of operating 
over a range of operating heights, typically two to eight inches. 

It is also important that the control system for adjusting the height of the header 
in response to variations in operating conditions be capable of reacting quickly. The 
faster the control system is capable of adjusting the operating height of the header, the 
faster the combine may traverse the ground. Thus, in the past, delays in the speed of 
adjusting the operating height of the header have limited the ground speed, and thus the 
productivity, of the combine. 

Still referring to FIG. 1, beneath the forward portion of the snout 14, sensor arm 
16 is mounted to a sensor shaft 17. In FIG. 1, the sensor arm 16 is shown in solid line 
in its normal position, engaging the ground which is represented by the horizontal line 
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G. The sensor arm rides along the ground as the combine moves forward (z.e. , to the left 
in FIG. 1). If an obstruction or mound is encountered or if the slope of the ground 
changes, the sensor arm 16 is free to rise to the position shown in dashed line in FIG. 1 
or to lower if conditions require it to do so. 

Turning now to FIG. 2, the sensor arm 16 is again seen in solid line contacting 
the ground, and in dashed line at 16A, in a raised position, simulating encountering a 
rise or obstruction or an increase in slope. It can be seen that in raising to the position 
16A, the sensor arm has rotated counterclockwise, when viewed from the left, thereby 
rotating the sensor shaft 17 counterclockwise. 

The prior art sensor arm 16 is characterized as having a rear curved portion 20 
and a forward bent portion 21, separated by a straight portion 22 of substantial length 
in relation to the portion which engages the ground. As will be further explained below, 
the prior art sensor arm 16 operates, for the greater operating heights of the header, 
primarily in the region of the rear curved portion 20; and for the lower range of 
operating heights, the sensor arm 16 operates in the region of the forward bent portion 
21. The system seen in FIG, 2 does not operate in the straight portion 22 nor forward 
of the curved bent portion 21 for normal conditions. 

Turning now to FIG. 4, the sensor shaft 17 may be rotated about its axis in either 
angular direction, indicated by the arrow 23, depending upon the movement of the 
sensor arm 16. A potentiometer or other electronic or magnetic position sensor 
responsive to the angular position of the shaft 17, and illustrated by the block 24, is 
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coupled to or operatively associated with the sensor shaft 17 and generates a signal 
representative of the angular position of the sensor shaft 17. The output signal of the 
electronic position sensor 24 is fed to a comparator 25, which also receives a signal 
from the operator setting control 31 indicating the desired operating height. Thus, 
comparator 25 generates an error signal representative of (z.e., proportional to) the 
difference between the actual or sensed height of the header and the desired or set 
height of the header. The output of comparator 25 is fed to a controller 25A which 
operates a pilot-operated hydraulic valve 26 which is connected in an hydraulic circuit 
which includes a pump which supplies pressure to the hydraulic system of the combine, 
generally indicated within the block 28. In series with the pump 28 and valve 26 are 
hydraulic actuators 29 which typically are hydraulic cylinders for raising and lowering 
the header 13. 

With the electro-hydraulic system described, the operator sets an operating height 
for the header using the operator setting 3 1 . This setting defines the operating height 
at which he desires the header to operate under ordinary, level conditions. This setting 
is t)^ically set by a lever or rotary control in the operator's cab, and schematically 
represented in the block 31. 

The system shown in FIG. 4 will be recognized as a closed loop feedback system. 
Changing the operator's setting generates a ground sensor error signal which produces 
a representative signal which is fed into the controller 25 A to establish a steady state 
level for continued operation. If the shaft 17 is in a position which indicates the actual 
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operating height is the same as the operating height set by the operator, the error signal 
will not actuate the controller 25A which, in turn, does not actuate the valve 26. If the 
position of the sensor shaft 17 indicates that the distance between the ground and the 
header is lower than the operator's setting, an error signal is generated and fed to the 
5 controller 2 5 A, and the controller actuates the valve 26 so that the hydraulic actuators 
raise the header 13 correspondingly. On the other hand, if the position of the shaft 17 
indicates that the header is higher than the desired operator setting, the system will 
actuate the hydraulic valve 26 to lower the header to the desired setting. 

The hydraulic control system shown in FIG. 4 continues to operate in the manner 
y3lO described, and if an obstruction, rise or depression is encountered by the sensor arm 
f2 during the course of operation, a corresponding signal is generated by the controller 25A 
j= to actuate the valve 26 and set the operating height of the header to the present level. 
= Turning now to FIG. 5, there is shown a sensor arm generally designated 35 

[ji constructed according to the present invention. The sensor arm 35 includes a forward 
f^i5 mounting portion 36 which may be straight, as shown in FIG. 5. The sensor arm 35 of 
the illustrated embodiment is provided with an aperture 37 for receiving a mounting bolt 
securing the sensor arm 35 to a support bracket 38 which is mounted to the sensor 
shaft 17. From the end of the straight mounting portion 36, which may extend a few 
inches, substantially the entire remainder of the operating portion of the sensor arm 35 
20 is curved, so that if the header is in its normal range of operating height, the operating 
portion of the sensor arm 35 (z.e., that portion which contacts the ground under normal 
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operation) is curved. Due to the curved nature of the operating portion of the sensor 
arm, as the header is raised by the operator, the contact point moves or rolls to the rear, 
and the distance between the center or axis of the sensor shaft 17 and the ground 
contact point increases. This distance between the center of shaft 17 and the ground 
5 contact point is a straight line and is called the "sensor lever arm." Conversely, as the 
header is lowered by the operator, the contact point moves forward and the sensor lever 
arm decreases. 

In a preferred embodiment, the operating portion 39 of the improved sensor arm 
is continuously curved and may be divided into two separate regions having different 
^10 curvatures. A first curved portion extends approximately from the region designated 40 
Yj in FIG. 5, which is adjacent the sensor shaft 17, to the intermediate location designated 
V 41 . The radius of curvature of this leading curved portion enclosed within the bracket 
5 44 is approximately 3-3/8 inches on the inner surface of the arm; and it may extend for 
[J a sector of approximately 70°. The rear curved section of the operating portion of the 
'%J5 sensor arm portion extends from the location identified by reference numeral 41 to that 
identified by reference numeral 45 and is indicated by bracket 48. This rear curved 
section may have a radius of curvature of approximately 10-3/4 inches and extend for 
a sector of approximately 85° based on the center of the radius of curvature. The final 
section of the sensor arm indicated by the bracket 49 need not be curved because it is 
20 not an operating portion of the sensor arm in the sense that it does not normally contact 
the ground under normal height settings, but it may have a radius of approximately 
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3-3/8 inches and extend for a sector of approximately 25° (reference is made to the 
radius of the center or axis of the metal bar forming the sensor arm). 

Although the illustrated embodiment has two curved sections making up the 
operating portion of the sensor arm, persons skilled in the art will appreciate that many 
5 of the improved benefits flowing from the invention may be achieved by having the 
operating portion comprised of even a single curved section extending substantially 
through a major portion of the operating portion of the sensor arm, particularly at the 
portion which is active at the lower header settings, or a curvature of continuously 
varying radius, or a series of curved sections with or without intervening straight 
yiio sections according to use requirements. 

Referring now to FIG. 3, the operating height is again indicated by the arrow 1 8, 
J- and it will be seen that the contact point for the improved sensor arm is indicated by 

Ln 

s reference numeral 61, whereas the contact point for the prior art sensor arm 16 is 

ry indicated at 62. It will also be seen from FIG. 3 that the horizontal distance indicated 

'z-is by arrow 65 which is the distance between the contact point 61 of the improved sensor 

f 1 

arm and the forward location of the axis of rotation of the sensor shaft 17 (indicated by 
the dashed line 64) is substantially less than the corresponding horizontal distance 
(indicated by arrow 67) between the contact point 62 of the prior art sensor arm 16 and 
the location of a vertical line 64 passing through the axis of rotation of the sensor shaft 
20 17. This shows that as an elevation or rise (or recess) in the ground is encountered, for 
example, the information from the improved sensor arm will be fed into the controller 
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sooner than with the arm of the prior art, since the vehicle is moving to the left in FIG. 
3. This results in a shorter processing time and, thus, reaction time for the control 
system, and this feature alone permits operation at a higher ground speed. 

However, there is a second advantage of the present invention which results from 
the use of a curved forward operating segment. The advantages of two curved operating 
sections on the sensor arm are illustrated by comparing FIGS. 6 and 7. In FIG. 6, the 
operating height is comparatively low. That is, there is a clearance of approximately two 
inches between the level of the ground and the header, as indicated by the arrows 68. 
In FIG. 7, the operating height is 10.5 inches. A line is drawn from the axis of rotation 
of the sensor shaft 17 to the point of ground contact at each of FIGS. 6 and 7. This line 
defines what is referred to herein as the sensor lever arm. In FIG. 6, this line is 
designated by reference numeral 70, and in FIG. 7, it is designated 71. It can be seen 
that the line 71 is substantially greater than the Une 70. As the operating height 
decreases (FIG. 7 to FIG. 6), the sensor lever arm decreases; and it increases as the 
operating height of the header increases. Preferably, the curvature of the sensor arm 
provides a result in that the length of the lever arm change substantially continuously 
as the header height setting changes over substantially the entire operating range. 

As the lever arm shortens, there is a corresponding greater angular displacement 
of the sensor shaft for a given height of ground rise. For example, comparing FIGS. 6 
and 7 again, if a ground rise of one inch is encountered at the point of contact, it can 
be seen that due to the shortened lever arm 70, the relationship in FIG. 6 will produce 
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a greater angular displacement of the sensor shaft 17, and thus a greater error signal 
forcing the hydraulic control system to raise the header with greater force. On the other 
hand, when the system in the position of FIG. 7 encounters a one-inch ground rise, the 
sensor arm will raise, and the angular displacement of the sensor shaft will be 
5 substantially less than was the case for FIG. 6. The same is true for a depression or 
downward slope in the ground. That is, the magnitude of angular displacement of the 
rotary sensor shaft 17 for a given vertical movement of the ground contact point 
increases for lower settings of the operating height. 

In FIGS. 6 and 7, the arrow 73 indicates the horizontal distance between the 

^10 center of the sensor shaft and the ground contact point. This distance is significantly 
reduced from the prior art shown in FIG. 2 for substantially all operating heights. The 

J- continuous curvature of the sensor arm thus reduces the system response time, all other 

B factors being equal. 

[U Thus, in summary, the improved system of the present invention not only 

;Li 15 produces a signal to the hydraulic controller in a shorter period of time than the prior 
art, due to the shortened horizontal distance between the axis of rotation of the sensor 
shaft and the point of ground contact, but it also produces a response of greater 
intensity at lower operating heights due to the fact that the forward segment of the 
operating portion of the sensor arm is curved, thereby shortening the lever arm and 
20 urging the sensor shaft in greater angular displacement, and producing a response of 
greater intensity for lower operating heights. This is sometimes referred to as a "ratio 
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changing" relationship, and preferably it extends over substantially the entire operating 
portion. That is, the ratio of the angular displacement of the sensor shaft to a ground 
disturbance (a rise or a depression) of a given height increases as the operating height 
of the header is lowered. Curvature of the sensor arm, as mentioned, is deemed 
important because this structure advantageously decreases the response time and 
increases the response magnitude when the header is set at lower operating height, 
which is when the faster response times and increased response magnitude have a 
greater effect in permitting increased speed for the combine without grounding the 
header. 

Turning now to FIG. 8, there is shown a graph comparing one aspect of the 
response of the inventive system, as indicated by the line 72, with the response of the 
prior art system which is indicated by the line 74. In the graph, the vertical axis 
represents the angular displacement (or rotation) of the sensor member in degrees, and 
the horizontal axis represents the preset operating height of the header in inches, as set 
by the operator. The horizontal axis decreases from left to right. Thus, as can be seen 
in the graph, in lowering the operating height from 6 inches to 4 inches, the angular 
displacement of the prior art as represented by line 74 remains constant, whereas the 
rotation of the sensor member for the improved sensor arm as indicated by line 72 
increases from about 17° to 18°, an increase of approximately 6 percent. What is not 
shown in the graph of FIG. 8, but which adds to the improved operating results of the 
present invention is that as the operating height of the header is reduced, the contact 
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point of the sensor arm, due to the curvature thereof, is moved forwardly, thereby 
reducing the system response time, so that not only is the magnitude of the control 
system response increased, but the reaction time is reduced for a given ground 
disturbance, whether it is a rise, an upward slop, a depression or a downward slope of 
the ground. 

Thus, not only is the sensing time delay reduced, but the control system response 
magnitude is increased. Both features permit faster harvest speeds and lower operating 
heights for the header, thereby increasing combine operating efficiency, reducing the 
potential for header damage, and lowering operating fatigue. 

Having thus disclosed in detail two embodiments of the invention, persons skilled 
in the art will be able to modify certain of the relationships and dimensions disclosed 
and to substitute equivalent structure for that which has been disclosed while continuing 
to practice the principle of the invention; and it is, therefore, intended that all such 
modifications and substitutions be covered as they are embraced within the spirit and 
scope of the appended claims. 
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